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Disclaimer 
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United States government. Neither the United States government nor Lawrence 
Livermore National Security, LLC, nor any of their employees makes any warranty, 
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completeness, or usefulness of any information, apparatus, product, or process 
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herein to any specific commercial product, process, or service by trade name, 
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endorsement, recommendation, or favoring by the United States government or 
Lawrence Livermore National Security, LLC. The views and opinions of authors 
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government or Lawrence Livermore National Security, LLC, and shall not be used for 
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1. Getting Started  

About This Manual  

The HotSpot Health Physics Codes, or HotSpot program, provides a first-order 

approximation of the radiation effects associated with the atmospheric release of 

radioactive materials. The HotSpot program was created to equip emergency response 

personnel and planners with a fast, field-portable set of software tools for evaluating 

incidents involving radioactive material. The software is also used for safety-analysis of 

facilities handling radioactive material. This program is designed for short-range (less 

than 10 km), and short-term (less than a few hours) predictions. 

System Requirements  

HotSpot requires the following: 

 Windows
® 

95/98/2000/NT/XP/Vista/Windows 7 operating system 

 64 megabytes RAM 

 300 megabytes disk space 

 Optional GPS device (NMEA 0183 output format) 

Contacting NARAC  for HotSpot Support  

Lawrence Livermore National Laboratoryôs National Atmospheric Release Advisory 

Center (NARAC) provides HotSpot support. 

 

For software technical support, please contact: 

 

NARAC Customer Support 

Phone: (925) 422-9159 

Hours: 7:30am ï 4:15pm Pacific Time 

Monday-Friday, except holidays  

 

Web:  https://narac.llnl.gov/HotSpot/HotSpot.html 

Email: hotspot@llnl.gov 

  

 

https://narac.llnl.gov/HotSpot/HotSpot.html
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2. Introduction  

 

The Department of Energy (DOE) funds ongoing maintenance and development of the 

HotSpot Health Physics Codes. The HotSpot program has been distributed worldwide 

since 1988. HotSpot codes are a conservative (estimated radiation dose is usually greater) 

estimation of the radiation effects associated with the atmospheric release of radioactive 

materials. The main user interface screen for HotSpot is shown below.  

 

 
 

 

Atmospheric Dispersion Models  

To expedite the initial assessment of accidents involving nuclear weapons, HotSpot 

includes atmospheric dispersion models for a plutonium explosion (non-nuclear), fire, 

and resuspension; a uranium explosion (non-nuclear), and fire; and a tritium release. 

Additional ñGeneralò programs address the release of any radionuclide or mixture in the 

HotSpot library (ICRP 30, ICRP60+, and Acute). These models estimate the short-range 

(less than 10 km), downwind radiological impact following the release of radioactive 

material resulting from a short-term release (less than a few hours), explosive release, 

fuel fire, or an area contamination event. 

 

Example scenarios for each of the dispersion types are available under the programôs File 

menu. In addition to providing example models, HotSpot allows the user to save a 

scenario; and create, edit, or add to a radionuclide mixture. Up to 50 radionuclides can be 

included to create a mixture. 
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Special Purpose Programs  

In addition to the atmospheric dispersion models, four special purpose programs are also 

included in HotSpot: Nuclear Explosion (nuclear yield), FIDLER Calibration and Lung 

Screening, Radionuclides in the Workplace, and a module to calculate Percentile Dose 

using Historical Meteorological Data. 

 

 

Nuclear Explosion 

The Nuclear Explosion program estimates the effects of a surface-burst nuclear weapon. 

These include prompt effects (neutron and gamma, blast, and thermal), and fallout 

information. Fallout information includes fallout arrival time, dose rate at arrival time, 

and integrated dose contours for several time periods, for example, the first 6 hours, first 

day, first week, etc. Users can enter a specific start time and duration of exposure. The 

user interface screen for the Nuclear Explosion program is shown below. 

 

 

 
 

 

FIDLER Calibration  and Lung Screening 

The FIDLER (Field Instrument for the Detection of Low-Energy Radiation) program is a 

tool to calibrate instruments for ground-survey measurements of plutonium and provide 

initial screening for possible plutonium uptake in the lung. However, the FIDLER 

program can also be applied to any instrument suitable for measuring external radiation 

levels and non-plutonium mixtures. Current versions of the FIDLER instrument are 

coupled with a Multi Channel Analyzer (MCA). These advanced MCA instruments are 

referred to as the Violinist and more recently the Stradivarius. 
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Radionuclides in the Workplace 

The Radionuclides in the Workplace program provides a guide for initial planning of 

experiments and workplace environments. The selection of a workplace is generally 

based on the relative hazard of an operation and on the quantity and radiotoxicity of the 

radionuclides involved. The relative hazard of an operation is determined by evaluating 

the type of radionuclide to be used, its chemical and physical form, the mass of the 

material containing the radionuclide, and the nature of the operation to be performed. 

Workplaces are divided into three classifications: Type 1, Type 2, and Type 3.   
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Percentile Dose using Historical Meteorological Data 

This module calculates the 95
th
 percentile of the dose distribution for up to 20 radial 

centerline distances in each of 16 wind direction sectors (direction dependent), and all 16 

sectors (direction independent). Default percentile values are 50
th
, 90

th
, 95

th
, 99

th
, and 

99.5
th
. Users may select other percentile values as needed (50th ï 100

th
). HotSpot inputs a 

sequential file of up to 5 years of hourly meteorological observations and either 

determines the percentile data via an intermediary Joint Frequency Distribution (JFD) or 

calculating the dose value for each hourly data set. The JFD method is much faster than 

the ñbrute forceò individual hourly dose calculations. The JFD uses 9 wind speed groups, 

and users can change the wind group values. User controls are accessed through the ñSite 

Met Dataò button on the ñOutputò tab as shown below.  
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Additional Information and HotSpot  Help 

Clicking on HotSpot Help (circle below) will provide additional information.  

 

  
 

 

There are also hot buttons within the program. When scrolling over select fields, 

additional information will be displayed, as shown in the example below.  

 

 

If checked, all output dose data will include Resuspension 

inhalation Dose for the indicated exposure duration  
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HotSpot  QC 

The HotSpot program has been designed with a Quality Control (QC) feature that verifies 

that the codes are functioning properly. It is a good idea to run this check to confirm 

HotSpot has been installed correctly on your system. To do so, CLICK HOTSPOT QC 

located at the lower right of the opening screen. A checkmark and message indicating 

that all systems pass should appear in green. In the event a system is highlighted in red 

and indicates that it did not pass, contact NARAC at Lawrence Livermore National 

Laboratory. 

 

 

 

Basis of the HotSpot  Codes  

The HotSpot Health Physics codes were created to provide emergency response 

personnel and emergency planners with a fast, field-portable set of software tools for 

evaluating incidents involving radioactive material. The software is also used for safety-

analysis of facilities handling radioactive material. HotSpot atmospheric dispersion 

models codes are a first-order approximation of the radiation effects associated with the 

short-term (less than a few hours) atmospheric release of radioactive materials.  

 

Verification 

HotSpot codes involving the dispersal of radioactive material use the Gaussian modelð

the workhorse for atmospheric dispersion calculations that is used by most government 

agencies, including the Environmental Protection Agency in its document, ñTechnical 

Guidance for Hazards AnalysisðEmergency Planning for Extremely Hazardous 

Substances,ò U.S. Environmental Protection Agency, Federal Emergency Management 

Agency, and U.S. Department of Transportation, December 1987. The adequacy of this 

model for making initial dispersion estimates or worst-case safety analyses has been 

tested and verified for many years (Handbook on Atmospheric Diffusion, DOE/TIC-
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11223 (DE82002045), prepared for the Office of Health and Environmental Research, 

Office of Energy Research, U.S. Department of Energy, 1982). 

 

To more accurately estimate the radiological effects in proximity of the release area, for 

example, 100 meters from the point of radioactive release, virtual source terms are used 

to model the initial atmospheric distribution of source material following an explosion, 

fire, or resuspension zone, or user-input geometry.  

 

The HotSpot codes are continuously updated to incorporate the most current and 

approved radiological dose conversion data and methodologies. To ensure correct 

implementation of the HotSpot algorithms following software revisions, each HotSpot 

module is thoroughly tested against a library of case studies. HotSpot allows the user to 

run this automatic verification process. Each case study is executed with all 

parameters/defaults set to the exact case-study values stated in the HotSpot 

documentation. The resulting output is compared with the documented results. This 

ensures that the HotSpot program has been properly installed and all algorithms and 

assumptions are working correctly. 

 

Radionuclide Library  

 

 
 

HotSpot uses the radiation dosimetry methodologies recommended by the International 

Commission on Radiological Protection (ICRP).  These methodologies are summarized 

in Federal Guidance Report No. 11 (Eckerman et al., 1988), Federal Guidance Report No. 

12 (Eckerman et al., 1993), and Federal Guidance Report No. 13 (Eckerman et al., 1999). 

FGR-11 provides dose coefficients in the form of 50-year integrated dose equivalents for 

acute inhalation of radionuclides and is based on the biokinetic and dosimetric models of 

ICRP Publication 30 (1979, 1980, 1981, 1988).  FGR-12 provides dose coefficients in the 

form of dose per unit time-integrated exposure for external exposure to radionuclides in 
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air, water, or soil.  FGR-13 provides dose coefficients using the new ICRP-66 lung model 

and ICRP series 60/70 methodologies, Eckerman et al (2010).   

 

In addition to the inhalation 50-year Committed Effective Dose Equivalent DCFs, acute 

DCFs are available for estimating deterministic effects. This acute mode can be used for 

estimating the immediate radiological impact associated with high acute radiation doses 

(applicable target organs are the lung, small intestine wall, bone marrow and thyroid), 

Eckerman et al (2010).   

 

A one micron activity median aerodynamic diameter (1 ɛm AMAD) is assumed. HotSpot 

supports both classic units (rem, rad, curie) and SI (Sv, Gy, Bq) units. Users can add 

radionuclides and custom mixtures (up to 50 radionuclides per mixture). 
 

Summary  
 

HotSpot FGR-11 Option 

 Old Lung Model (ICRP-30) 

 ICRP Publication 26 (1977) Tissue Weighting Factors 

 Absorption Types D, W, Y. 
 

HotSpot FGR-13 Option 

 New Lung Model (ICRP-66) 

 ICRP Publication 60 (1991) Tissue Weighting Factors 

 Absorption Types F, M, S. 

 

 

 

Old and new dose terminology is given in the table below: 

 

 

Old   ICRP 26/30 

(HotSpot FGR-11 Option) 

New   ICRP 60/66 

(HotSpot FGR-13 Option) 

Committed effective dose equivalent Committed effective dose 

Committed dose equivalent Committed equivalent dose 

Cumulative total effective dose equivalent Cumulative total effective dose 

Dose equivalent Equivalent dose 

Effective dose equivalent Effective dose 

Quality factor  Radiation weighting factor 

Weighting factor Tissue weighting factor 

Total effective dose equivalent Total effective dose 
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3. Using a HotSpot  Program  

 

This section steps through an example dispersion model to highlight some of the features 

of the HotSpot program. 

 

 

 
 

 

From the opening screen, select a dispersion model or scroll under the File menu to open 

a saved scenario or to create or edit a mixture. Then, navigate through each of the tabs: 

Source Term, Meteorology, Receptors, Setup, and Output , entering all criteria specific 

to the release. Default criteria based on typical data for each of the dispersion types are 

included in HotSpot. However, you may change these values. 

 

When one of the four general dispersion models (explosion, fire, resuspension, and 

plume) is chosen, a prompt will appear to select a radionuclide from the HotSpot Library 

or to select a mixture from your mixture library as shown below.  
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There are two methods for selecting a radionuclide from the HotSpot library. Users can 

either directly enter the radionuclide e.g., ñH-3,ò and click the ñokò button or activate the 

pull down list of radionuclides by clicking the down-arrow button on the right side of the 

entry box. You can scroll down to the desired radionuclide or start typing the symbol to 

jump to the appropriate series of radionuclides. 

 

 

 
      Direct entry    

  

 
Pull down list

If the FGR 11library is selected, the direct entry method will select the fastest absorption 

class available, e.g., type D if types  D, W, and Y are in the library. If the FGR 13 library 

is selected, the ICRP recommended default absorption types from the following table are 

selected (ICRP Publication 72, 1996)   

 

 
Default ICRP 72 absorption types 

 



HotSpot Userôs Guide  3. Using a Hotspot Program 

 

 

 3-2 

After selecting a radionuclide(s) involved in the general release, CLICK OK  and a 

summary of dose conversion factors (DCFs) for various organs and areas of the body will 

be displayed. Inhalation, submersion, and ground-shine DCFs may be displayed as 

applicable as shown below.  

 

 
 

 

CLICK RETURN  to continue imputing data under the Source Term tab.  

 

 
 

 

Material at Risk (MAR), is the total quantity of the radionuclide involved in the release 

scenario. Damage Ratio(DR), is the fraction of the MAR that is actually impacted in the 

release scenario. The Leakpath Factor (LPF) is the fraction of the MAR that passes 

through some confinement or filtration mechanism. For unmitigated release scenarios, the 

Leakpath Factor is 1. Airborne Fraction (ARF) is the fraction of the MAR that is 

aerosolized and released to the atmosphere. The Respirable Fraction (RF) is the fraction 
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of aerosolized material that is respirable (Aerodynamic Diameter (AD) Ò 10 microns). 

The Respirable Release Fraction is the fraction of the MAR that is dispersed into the 

atmosphere with an AD Ò 10 microns. (Respirable release fraction = ARF  RF). The 

Non-Respirable Release Fraction is the fraction of the MAR that is dispersed into the 

atmosphere with an AD in excess of 10 microns. (Non-respirable release fraction = ARF  

(1 ï RF). The final HotSpot respirable and non-respirable airborne source terms are, 

 

Respirable Source Term = MAR  DR  LPF  ARF  RF 

 

Non-respirable Source Term = MAR  DR  LPF  ARF  (1-RF) 

 

The Deposition Velocity is the ratio of the observed respirable deposition flux and the 

observed respirable air concentration near the ground surface. The total airborne source 

term may include both respirable and non-respirable release components. The respirable 

release component (the quantity of material that is respirable and available for dispersion 

in the atmosphere) has a separate respirable deposition velocity than the non-respirable 

release component (the quantity that is non-respirable and available for dispersion into 

the atmosphere). The Respirable Release component is the fraction of the total quantity of 

material involved in the fire, explosion, etc., that is respirable and available for dispersion 

into the atmosphere. This component has a separate respirable deposition velocity 

(default value of 0.3 cm/sec for non noble gases), and is used to determine the inhalation, 

groundshine, submersion doses, and plume depletion due to the respirable component of 

the source term. 

 

After entering information about the source of the release, go to the Meteorology tab 

(shown below) and enter applicable wind and solar data. You may also select specific 

atmospheric stability classifications, such as A-G.   

 

10-meter Wind Speed is the wind speed at a reference height of 10 meters. (Under the 

Setup tab, the default height can be changed to any value from 2 to 100 meters.) In the 

Selected Stability Class window, choose the atmospheric stability classification from 

among the descriptions provided. The azimuth of the Wind Direction (direction wind is 

coming from) is given in degrees: 0 = wind from the north, 90 = wind from the east, 180 

= wind from the south, and 270 = wind from the west.  
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Next, go to the Receptors tab to select specific downwind locations for the HotSpot table 

output. Default coordinates will be provided for distances (in kilometers) from the source. 

Distance values can be changed. To enter an off-axis position, enter the x-distance and  

y-distance (in kilometers) separated by a semicolon. For example, 3.23; 0.22 is a location 

with an x-coordinate of 3.23 km and a y-coordinate of 0.22 km. To save these values in a 

file, CLICK SAVE NEW VALUES. The Location Designators button allows you to add 

names and distance values for a particular location, such as a local school, office 

building, or hospital.  

 

In the Receptor Height window, enter a range that is between 0 and 200 meters. The 

default value of 1.5 meters is typical for the breathing zone near the ground service.  
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Under the Setup tab, replace any of the default values with those that are specific to the 

release.  

 
 

Choosing City terrain will usually result in lower doses than those displayed for 

Standard, due to the increased diffusion from the turbulence caused by larger building 

structures. Choosing Standard terrain will usually produce the most conservative 

estimates (higher potential doses). Checking the ñInput Surface Roughnessò box allows 

the user to input the surface roughness height, Z0. When checked, the Standard option is 

automatically selected, and the City option disabled since the Z0 associated with typical 

city structures is already incorporated into the City sigma-z values (Refer to ñSurface 

Roughness Heightò in Section 7). 

 

 
 

HotSpot allows the user to modify the Airborne Fraction (ARF), vertical distribution. If a 

check is placed in front of Change/View Vertical ARF Distribution, you will be 

prompted to enter a custom vertical source distribution for the explosive release models. 

The default values are based on experiments (Green Field), involving 100+ pounds of 

high explosive. You also have the option of setting a ñChurch-height Correction Factorò 

to adjust the height of the stabilized plume, or using a new ñGreen Fieldò cloud height 

methodology for explosive quantities below 100 pounds (TNT equivalent), by checking 

the ñGreen Field Optionò check box, while still following the Church formula above 100 

pounds 

(Refer to ñGreen Field Explosive Cloud Heightò in Section 7). When HotSpot is 

installed, the ñGreen Field Optionò check box is initially checked. The Church-height 

correction factor is not used if the ñGreen Field Optionò check box is checked.  

Whenever the ñGreen Field Optionò check box is checked, the Church-height correction 

factor is reset to 1.00000 and not changeable by the user (grayed out). If the ñInclude 



HotSpot Userôs Guide  3. Using a Hotspot Program 

 

 

 3-6 

Ballistic Particlesò box is checked, the non-airborne (1-ARF), component of the source 

term is modeled as ballistic material (100 µm ï 1000 µm AD) (Refer to ñBallistic Particlesò 

in Section 7). 

 

 
 

 
 

 

 

Wind Ref Height is the height at which the wind speed is referenced. Wind speed data 

are typically referenced to a height of 10 meters. The actual data might be measured at a 

different height (e.g., using data from a 61 meter meteorological tower and then these 

data are adjusted to a 10-meter reference height by the wind height power law.) 

  

 
 

Contour Values are the TEDE and Deposition values used for the contour plots. 

TEDE and Deposition contour values must follow a progression. Specifically, the inner 

TEDE contour value must be greater than the middle value, which in turn, must be 

greater than the outer TEDE value. The same applies for Deposition contour values. 

 

 
 

In the HotSpot program, the time over which the integrated concentration is averaged is 

referred to as the Sample Time. The equations for the standard deviation of the Gaussian 

concentration distribution in the cross-axis direction (sigma-y) are representative of 

observing plume characteristics over a sample time of 10 minutes. Concentrations 
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downwind from a source decrease with increasing sampling time primarily because of a 

larger sigma-y, which is due to increased meander of wind direction and increased 

horizontal diffusion. 

Under DCF Library, select which library HotSpot is to use. FGR 11 enables FGR 11/12 

DCF values (ICRP series 30), FGR 13 enables FGR 13/12 DCF values (ICRP series 60 

and 70 ï New Lung Model). If Acute is selected, you will be prompted to select specific 

acute DCF values from the following menu.   

 

 
 

 
 

 

 

 

 

 

If a check is placed in front of Include ground shine, all output dose data will include 

ground shine for the indicated exposure time period (four days beginning at time zero). If 

a check is placed in front of Include Resuspension, the inhalation dose from resuspended 

material will be included in all dose data. If either or both boxes are checked, the Change 

Exposure Parameters check box will appear.  
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If the Change Exposure Parameters box is checked, you will be prompted to enter the 

ground shine exposure time period, ground roughness factor, and specific weathering 

model to use from the following menu. 

 

 
 

 

Note: The Total Effective Dose Equivalent (TEDE) values output in previous versions of 

HotSpot only included the inhalation and submersion component of the TEDE during 

plume passage. If applicable, the initial ground shine dose rate (rem/hr or Sv/hr) is also 

output.  Starting with Version 2.07 both resuspension and ground shine, inclusive of 

weathering, are optionally included in the TEDE values.  The duration of the exposure 

time period is now selectable by the user. When you first run HotSpot, the time period is 

from initial release plus 4 days (Start of Exposure = 0 days, Exposure Duration = 4.0 

days), and Include Ground Shine and Include Resuspension options are not checked. 

This results in calculated TEDE values identical with previous versions of HotSpot 

(TEDE due to plume passage only). If the Start of Exposure is any value greater than 

zero, the plume passage component (inhalation and submersion) is not included in the 

output TEDE values. For example, if the Start of Exposure is set to 0.1 days (or 0.1 hour, 

etc.) the plume-passage component of the TEDE will not be included.  If the Include 

Ground Shine and Include Resuspension options are not checked, the output TEDE 

values will all be zero since plume passage is not included.  If the Include Ground Shine 

and Include Resuspension options are checked, both ground shine and resuspension are 

included. If the Start of Exposure is set to 1 year and the Exposure Duration set to 1 

year, the resuspension and ground shine TEDE from year 1 to year 2 will be output. The 

Plutonium Fire example in section 4 demonstrates this feature. 

 

 

Holdup Time on the ñSetupò tab is the duration that the released radionuclide(s) is 

contained prior to its release into the atmosphere. 
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Breathing Rate is the assumed breathing rate for individuals exposed to the radioactive 

plume (Default is 3.33 x 10
-4

 m
3
/sec = 1.2 m

3
/hr). 

 

Non-respirable Deposition Velocity is the ratio of the measured non-respirable 

deposition flux and the measured non-respirable air concentration near the ground 

surface. The non-respirable release component is the fraction of the total quantity of 

material involved in the fire, explosion, etc., that is non-respirable and available for 

dispersion into the atmosphere. This component has a separate non-respirable deposition 

velocity (default value of 8 cm/sec), and is used to determine groundshine, submersion, 

and plume depletion. 

 

Next, go to the Output tab. HotSpot provides several output options.  

 

 
 

 

Selecting Table Output will produce a text summary of results for the radionuclide 

entered at the beginning of the session. This summary can be saved and viewed or 

compared with previously generated summaries.   

 

If Plume Centerline is selected, all points will be converted to radial distances on the 

plume centerline. If Compass is selected instead, the table will contain actual x,y 

locations and HotSpot will use input wind directions. 

 

Display all TEDE Components will include the individual components of the TEDE; 

Inhalation, Submersion, Ground Shine, and Resuspension as applicable. 

 

Select Include All Organ Data or Include Organs Exceeding 50 rem to include the 

organ committed equivalent dose data for the selection.   

 

Append QC Data will include all HotSpot variables in the output table. If a radiological 

mixture was used, all of the mixture data will be included. 



HotSpot Userôs Guide  3. Using a Hotspot Program 

 

 

 3-10 

 

Site Met Data (located in lower right corner), will launch the HotSpot module that inputs 

site-specific meteorological data to for calculation of percentile dose values. 
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Table Output Text Summary 
 

 

 
 

 

Close the table to return to the Output screen.  



HotSpot Userôs Guide  3. Using a Hotspot Program 

 

 

 3-12 

Under Contour PlotsðComputer Display, select TEDE Contour Plot to view the dose 

contour or Ground Deposition Contour Plot to view the ground deposition. 

 

 
 

If the Compass option is selected, the actual plume direction is displayed.   

 

 
 

 

Under Plume Centerline Plots, select TEDE Graph to produce a graph displaying dose 

as a function of plume centerline downwind distance. 
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HotSpot also provides the option to produce a TEDE Contour File, which displays the 

dose contour files onto geographical maps, or a Deposition Contour File, which displays 

ground deposition contours. 

 

 

To display a geographical map with contours for either deposition or dose contours, click 

HotSpot Mapping icon.  

 

 
 

When the map is displayed, the Plumes menu selection at the top left of the map display 

provides the option to display deposition contours or  dose contours on the map. 

 

 

 
 

This capability is explained in detail in the Special Purpose Programs section, starting on 

page 5-53. 



HotSpot Userôs Guide  3. Using a Hotspot Program 

 

 

 3-14 

 
 

 

HotSpot Contour plotsðMapping files provides the option to produce a TEDE Contour 

File (.KLM ) or Deposition Contour File (.KLM), which can be displayed in Google
TM

 

Earth. 

 

 

    
 

To display contours for either deposition or dose contours in the Google Earth 

environment, click the Google Earth icon, and select the desired .KML file.  If Google 

Earth is installed on your computer, HotSpot will automatically invoke Google Earth and 

display the selected contour at the HotSpot release location. 

 

Click the ñContour Optionsò box to change displayed contour colors, line width, and 

labels. The following example displays contours in Google Earth. 
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